This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGBLETEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to tlie 
Image Problem Mailbox. 



THiS PAGE BLAl^K (uspto) 



PCX woRu> iirnuj!ES!!!i!S!?^ o»ciani2ation '^^^ 

nriERNATIONAL APPUCAHON PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCn 



(51) International Patent Classification ^ : 
B29C 44/06, B32B 7/12, B62D 33/02 



Al 



ai) latenatloiial PtabUcatlba Nnmben WO 99/08854 

(43) International Publication Date: 25 Fcbniaiy 1999 (25.02.99) 



(21) International Application Numben PCr/US98/16461 
^) International nUng Date: 19 Aitgust 1998 (19i)8.98) 



(30) Frbiltjr Data: 
60/056,870 
09/135.036 



21 August 1997 (21i)8.97) US 
17 August 1998 (17.08.98) US 



I (71) Applicant: HENKEL OORFORA'nOK [US/US]; Suite 200^ 
2500 Renaissance BouIemdtOulpliKdlls, PA 19406 (U^ 

' (72) Inventors: HARRISON. Brace. U 2107 Ashley Couit. Ster- 
ling Heights. MI 48301 (US). HILBORN. Bradley. U 142 
East Woodland. Pemdale, MI 48220 (US). KOSHY, Vet- 
tihaia. C; 7030 White Pines Drive, Bloomfidd HOIs, MI 
48301 (US). 

! (74) Agent: WISDOM. Notvdl, R, Jt4 Henkel QapoiatioB. Suite 
200, 2500 Renaissance Boulevaid. Gulph IMs, PA 19406 
(US). 



(81) Ded^ated States: AL, AM. AT. AU. A2. BA. BB. BQ. BR. 
BY, CA, CH. CN. CU. CZ, DE. DK. EE. ES. H. GB. OE. 
?^/^r?H'^' ^' JL. B. JP, KE, KG, KP. KR. KZ. 
J£ ^ ^ MG. MK. MN, MW. 

iff. NO, NZ, PL, PT, RO, RU. SD, SB, SO. SI. SK, SL, Tl. 
TM. TO. TT. UA. UG, U2; VN. YU, ZW, ARDPO patent 
i% ^'iP^ UG. ZW), BoBsian patent 

(AM, AZ, BY, lOJ, KZ; MD, RU. TI. TM). Bun»ean patent 
(AT. BB; CH, CY, DB, DK. ES, FI. PR. OB. GR. IE. IT. 
LU, MC; NL, PT, SB), OAW patent (BF. BJ. CF, 00, a. 
CM, OA, C»l. OW, MU MR. NE. SN, TO. TG). 

Published 

With inurnationat search report. 

Before the ej^iraUon of the time limUfor amending the , 
claims and to be reptAUshed in the event of the receipt ofl 



I (54) Title: fflGH PERFORMANCE STRUCTURAL FOAM FC» STOBBh^ 
I (57) Abstract 



A high peifonnanoe structural foam (26) is used for 
I stiffening patts (28. 30) such as plastic parts. Tbe foam 
I can be fomiulated for In-mold use at elevated temperatures 
or at ambient temperatures for use widi previously molded 
I parts. Various in£^ients are used to control the properties 
of the foam. 
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HIGH PERFORMANCE STRUCTURAL FOAM FOR STIFFENING PARTS 

Background of the lnvftqf|n|| 
Structural foams are a cost effective way to meet structural requirements 
with a very low weight In the automotive industry this means money. 

The use of plastic as structural components has been Increasing yearly 
in the building of automobiles. Plastics are lightweight, corrosion proof and in 
some cases recyclable. There is a cost In strength and in elevated temperature 
warpage with such plastics. Known plastic materials include sheet mofded 
compounded (ASMC@) and ABB materials. In certain applications the strength 
of the plastic is not sufRdent or the weight of the plastic is too much. It would be 
therefore desirable if some means could be provided to stmcturally reinforce 
such plasfic materials. It would also be desirable if such means could be used 
for materials other than plastic and for uses other than In the automotive Industry. 

Summary o f the Invgnfloii 

An object of this invention is to provide structiiral foams which meet the 
above needs. 

A further object of this invention Is to provide such structural foams which 
can be cured under heat or alternatively variations which can be cured at 
ambient temperature. 

In accordance with this invention high performance structural foam is 
provided for stiffening parts, such as plastic. Such parts could be premolded 
parts, could be hollow, could be channel shaped or could simply be structural 
members of any shape which require reinforcement. The foam is preferably a 
two component syntactic material which may be expandable. The foam 
preferably contains beads such as glass, ceramic or plastic beads to provide the 
desired viscosity and to reduce weight and cost. A blowing agent could be used 
where the foam is expandable. The foam preferably also Includes a rtieological 
agent to control flow of the material. A curing system is used to control the 
polymer properties of the material. In addition, the foam could include diluents, 
filler surface treatment, rubber and fibers as well as other additives. 



Brief Daserintinn of the Drawym « 

Rgure 1 is a top plan view showing a representative plastic part reinforced 
by structural foam in accordance witii tiiis Invention; 

Rgure 2 Is a cross-sedional view In elevation of the part shown in Figure 
1 wiUi the foam in an unexpanded state; 

Figure 3 is view similar to Figure 2 with ttie foam expanded; 

Figure 4 is a top plan view of an alternative representative plastic part 
reinforced by tiie stiuctural foam of tills Invention; 

Rgure 5 Is a cross-sedlonal view In elevation of tiie part shown In Figure 
4 witii the foam in an unexpanded state; 

Figure 6 Is a view similar to Figure 5 showing ttie foam in its expanded 
state; and 

Rgure 7 is a perspective view of a pickup truck bed utilizing tiie invention. 

Detailed DfiBrripfl^^p 
The present Invention. In general, relates tojwo component type 
fonnulations ttiat could be formulated for In-mold use at elevated temperatures 
or at ambient temperature applications for filling hollows in previously molded 
parts. In its broad application the foam resulting from the fomiulation can be 
used as a reinforcement in a hollow tubular member, in a channel shaped 
member having an open top, along side a plate-like member, or around tiie 
outside of any such members. The specific part being reinforced is not critical, 
alttiough to some degree its shape, dimensions and material would affect what 
tfie ultimate fonnulation of what ttie foam would be. The foam is particulariy 
Intended as a reinforcement or stiffener for plastic parts. In Its broad aspect, 
however, tiie invention may be practiced for reinforcing or stiffening parts made 
of oUier types of materials, including metal (such as steel) and fiberglass. 

In tfie practice of tills invention, tfie foam bonds to and makes Intimate 
contact witii ttie part It is reinforcing. 

In general, ttie foam would Include a release agent where tiie foam is 
cured under heat Alttiough it is not necessary tfiat ttie foam be expandable, in 
tfie preferred practi'ce of tfie invention physical or chemical blowing agents may 
be used for expanding ttie foam. Different reacting rates of cure would be used 
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to create different foams to meet different processing requirements. Similarly, 
the density of the foam product can also be varied. The density of the foam is 
chosen In accordance with the required strength. For example, the lighter the 
foam then the weaker It is. The foam can be made with a specific gravity of 0.3 
or less with compressive strength and modulus that are quite high for Its weight 
There are a number of factors that control the fomiulation In the practice 
of this invention. Heated mold fonnulations require internal release agents, 
slower cured and physical blowing agents that react at higher temperature such 
as at least 100'F. Ambient temperature products curing, for example, at 77*F, 
which is considered room temperature require the opposite. Such products 
should not have release agents because they would be used In pre-molded 
parts. The reaction heat of the cure must be chosen so that the blowing agent 
reacts but the part does not melL Also, the actual amount used In the part must 
be high enough for its strength requirement, yet low enough to be cost effective. 
Preferably, the foam is used only in places where the part=s strength is not 
sufficient Thus, the foam might be at spaced locations to support the part only 
where necessary. 

Density and strength are opposing factors. By incorporating hollow beads, 
fibers and, for example, titanates in the foam, strength and modulus are much 
higher than would seem possible. Beads such as glass beads allow a reduction 
In weight and cost Rbers function to Increase strength and the titanate pemilts 
a reduction In weight and cost, thus lowering the cost and achieving higher 
strength values. When applied appropriately to the part it is possible to achieve 
the goal of a lightweight, high strength and cost effective part 

As can be appreciated the invention provides the flexibility to be 
customized to the particular needs as a structural foam for supporting or 
stiffening various parts. Accordingly, the Invention does not involve a one- 
product-fits-all type approach. The structural foam would be used only where it 
Is cost effective. The fionnulating of the foam for the process and its application 
would be generally only where the strength of the part, such as a plastic part. Is 
not enough or where the weight of the part is too much. Property chosen 
formulations result in weight reduction, strength and cost effective solutions to 



meet the priority in automotive Dullding. 

Figures 1^ show a representaUv appHcaBon of the invenHon for 
mmfordna a plasBc paa As shown ther^ir,. the part 10 is of U-shape 
»nslmc«onh8vinaachan,»,a,uJisn»deofplastia l=cam 12 is inserted in part 
10. I%am 12 is cured at ancient or room temperature such as TTF. since part 
lOispremolded. <" Figure 2 foam 12 is in Its une^pd condilica Aflerortig 
foam 12 expands to completely fill the channel of part 10. 

Figures « Illustrate a further variation whemin the part 20 is a plastic 

plate spaced fiom a further part 22 which could also be made of plastic or any 
other material such as steel. Part 22 altematively might be a support layer for 

«iefoam24localedlnthespadngbetweenparts20and22 Figure 5 illustrates 

lhefoam24lnitsunexpandedconditicn.«*,ileFBU,B6sha«sthefoam24tobe 
fully expanded. 

Figure 7 iHustrales a practice of the invention a, a tmck bed. such as for 
a pickup tmdc As shown therein the resulting composite would replace a 
com^mlonal metal Sheet bed. To fom, the bed, a foam co,» sheet 26 which is 
about 2 inch thick is made by pouring 0,e epoxy and curing it for 5 minutes at 

350-F. N«llaye,sof,elnfon»dSl«C,aftegtess,einforced Sheet i.fom.edon 
each Side of core sheet 26. SMC is an art recognized lem, for sheet molded 
compound materials, "nie layers 28,30 am sequentially moWed to co,» sheet 26 
to fom, a sandwich laminate c^leofwilhstandlng toads Of 500 pounds The 
loplayer28mayhaveconugationsoranyolhersurfacepattemormaybeofany 
Shape. Slmilarty.boltomlayer30mayhaveanythicknessorshapeorhaveany 
suriacspattem. Preferably the Ihree layers a«cotem*us. Foruseasapickup 
tnjck bed the laminate is preferably 6 foot by 4 fbot 

following is an exemplaor two component fomiulaBon Of foam core 

sheet 26: 



COMPfiM[;^T^ 

Epoxy resin „ 

Fibre 62.53 

Fumed silica ^^ °J 
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Release Agent 4 

Blowing Agent 5 .j4 

Glass Bubbles 12 30 

Titanate q qq 

CaO 0.71 

100.00 

Component B would be amine ingredients in an amount equal by weight 
to component A. Thus, component A is epoxy based while component B is 
amine based. Component A would have an SPG of 0.95 and while that of 
component B would be 1.00 with the combined being 0.96. The volume ratio-of 
component A to component B is 3.70:1.00. 

It is to be understood that the parts illustrated in Figures 1-7 are merely 
representative parts. The invention could be used, however, for filling hollow 
tubular parts, for filling the channel of U-shaped parts, as a support on one or 
both sides of a plate-like part, as a core between two parts» for curved parts, for 
parts of various geometry and could be used by being applied completely or 
partially around the nuter surface of the part. A particularly useful application of 
the invention is for stiffening SMC such as to produce a stnjdural beam made 
of the foam encased in SMC for a pickup truck bed. Other automotive 
applications indude various support rails or hollow rails and pillars, for reinforcing 
a rocker panel and for reinforcing a drive shaft. The invention, however, is not 
limited to use in the automotive field, but could have such diverse uses as jet 
25 skis. 

The invention may thus be considered as being directed to a two 
component syntacUc foam which is preferably expandable. The invention may 
be practiced with two types of such foam. One type is cured at elevated 
temperature and the other type is cured at ambient temperature. Both types of 
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foam would have a thermoplastic or themnoset plastic encasing them. The two 
components would comprise a polymer and a catalyst carrying agent which 
would, for example, be mixed together and then pumped through a static mixing 
tube. The foam would be cured by a reaction which would take place quiddy 
where done slower under ambient temperatures or would be done under 
elevated temperatures. Heat curing could take place in automotive paint ovens 
such as for e-coating. There are several fypes of base polymers that could be 
used. For example, the binding polymer resin can be an epoxy (amine) type or 
a styrene (peroxide) type or an acrylic (peroxide) type or a urathane. 

The density can be varied to suit the needed conditions as can the 
modulus, tensile strength, color, cost viscosity, mix ratio and time to cure. The 
formula and processing conditions would vary in accordance with the 
considerations of the properties desired for the resulting produced part 

The ambient cured product is different than the heat cured product in that 
the curing.agent chosen must be reactive enough to generate the heat needed 
to cure and to expand the foam product quic^y enough. The heat cured foam 
product must not generate an extreme exotherm so that the part, particulariy a 
plastic part, will not bum from the inside out from too much heat. Large volume 
parts generate much more heat than smaller ones. Thus, the reactivity of the 
curing agent must be chosen for the size part produced. Given these guidelines, 
one of ordinary skill in the art would know what materials and parameters to use. 

The ambient temperature cured product would be used in a premoided or 
preformed part and cured while in or against the part The heat cured part could 
be cured in a mold. For example, the part might be molded and then placed in 



a mold in which the heat cured foam would be placed. The part being reinforced 
could be injection molded around the foam. Various knam techniques may be 
used forfomiing the parts being reinforced and for placing the foam in contact 
with the parts. 

The foam would include a number of possible basic ingredients in the 
polymer. For example, one ingredient would be beads, preferably made from 
glass, ceramic or plastic. The beads would be present in an amount of 0-40% 
by weight of the polymer, with the remainder being the binder and other 
ingredients. The use of beads controls the viscosity and results in reduced 
weight and cost of the foam. 

The polymer might also include an internal mold release agent or agents 
which would be used in the heat cured product but not in the ambient 
temperature cured product A suffident amount of release agent would be used 
which in turn would depend on the type of condition or the mold. A newer mold, 
for example, would require less release agent. The use of release agents are 
known in the art, as would be the amounts' necessary to achieve its release 
agent function. 

Although the invention may be practiced with a non-expandable foam, it 
is preferable that the foam be expandable. A chemical or physical blowing agent 
couid be used. For example, a suitable chemical blowing agent would be sodium 
bicarbonate. A suitable physical blowing agent would be plastic cyclopentane 
spheres in liquid fonm which become gaseous. 

The pofymer should also indude a rheological agent such as fumed silica 
or a fine grade filler such as caldum carbonate. Preferably, the rheological agent 
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would be present In an amount of about 5% by weight, adjusted up or down in 
accordance with desired results. The rheological agent functions to control flow 
of the material. 

5 The polymer should also Include a curing system such as an epoxy 

equivalent weight stoichemetric reaction with amine. The curing system controls 
the polymer properties. 

Preferably, the polymer includes up to 10% by weight diluents to lower the 
viscosity. 

*o The polymer should Include filler surface treatments such as silane or 

titanate which bonds the polymer to the filler and gives stronger physical 
properties. Titanates are advantageous In reducing the weight and cost It is 
only necessary to have, for example, less than 1% by weight of such materials. 
A further component for the polymer may Include about 5% by weight 
15 (adjusted up or down) mbber which Increases the toughness of the material. 

Rber, such as made from glass, KELVAR or cariaon might be incorporated 
in the material to increase its strength. 

Other additives might be included for any desired purpose to provide color 
to Include a metallic filler for heat transfer purposes eta A further Ingredient 
20 could be a flexiblizer material such as epoxies and diluents which act similar to 
mbber to provide flexibility to the material. 

The components or ingredients of the polymer can be varied to provide 
a virtually infinite amount of possibilities to meet almost any need for 
compressive modules, compressive strength, tensile strength, specific gravity 
25 and fiexural modulus. 
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I ne specific gravity would De controlled in accordance witn the amount 
and type of beads and the crush strength of the beads versus its weight. 
Additives would also affect the spedfic gravity. 

Where the foam is expandable the amount of expansion would be 
controlled by the chemical or physical blowing agents. 

The modulus and strength variables would be controlled by the inciusion 
of mbber. expanding plastic beads, flexiblllzers. the volume of the part being 
reinforced, fibers, and release agents. 

Given the guidelines of this invention, one of ordinary skill in the art would 
know what spedfic ingredients and their amounts should be used to attain the 
desired end properties of the foam. 

In general, the properties of the uncured materials would be such that it 
can be added to a mold so that viscosity, thixotropy, specific gravity and time of 
IS gel would be balanced appropriately for the intended application. 
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Whatisciaimfl^ i«7 

A method of stiffening parts comprising fonnulating a syntactic structural 

« 

foam from a polymer binding resin selected from the group consisting of 
epoxy, styrene, acrylate and urethane. adding to the binding resin a 
modulus and strength increasing Ingredient and a weight reduction and 
cost reduction ingredient, locating the structural foam against the part, 
and curing the structural foam to bond the structural foam to the part and 
thereby stiffen the part 

The method of dalm 1 wherein the modulus and strength increasing 
Ingredient Is beads. 

The method of claim 2 wherein the beads are glass beads. 

The method of claim 2 Including using a blowing agent to expand the 

foam upon curing. 

The method of claim 4 wherein the blowing agent is a chemical blowing 
agent. 

The method of claim 4 wherein the blowing agent is a physical blowing 
agent 

The method of claim 4 including a curing system In the foam to control the 
polymer properties. 

The method of dalm 7 Induding rubber and fibers in the foam to increase 
toughness and strength. 

The method of dalm 8 induding a rtieological agent and diluents in the 
foam to control flow and lower viscosity. 
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10. The method of claim 9 including filler surface treatment to t>ond the 
polymer to the filler for obtaining stronger physical properties of the foam. 

1 1 . The method of claim 1 0 wherein titanates are used for the filler surface 
5 treatment. 

12. The method of daim 10 including an internal mold release agent in the 
foam, and curing the foam at elevated temperature. 

13. The method of daim 10 Including curing the foam at ambient temperature, 
and bonding the foam to a pre-formed part. 

10 14. The method of claim 1 0 wherein the part is made of plastic material. 

15. The method of claim 14 wherein the part is an automotive component 

16. The method of claim 1 5 wherein the part is a pickup truck bed. 

1 7. The method of claim 1 5 wherein the foam is bonded to the part at spaced 
locations. 

15 18. The method of claim 1 0 wherein the part is a hollow molded part, and the 
foam fills the part 

19. The method of daim 1 wherein the part is made of plastic n. terial. 

20. The method of daim 1 9 wherein the plastic material is selected from the 
group consisting of SMC and ABS. 

20 21 . A stiffened part made by the method of claim 1 . 

22. A stiffened part mada by the method of claim 14. 

23. A pickup truck bed made by the method of claim 1 0. 

24. The bed of daim 23 wherein the bed comprises two layers of plastic 
material with said foam being a core sheet between said layers. 

25 25. The bed of daim 24 wherein said plastic material is SMC. 
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